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(57)Abstract: 

PURPOSE: To provide a high electric power system which is 
sufficient for supplying power to a drive coupled motor of an 
electric vehicle through the use of acid and base by providing 

an acid electrolyte vessel, containing an acid electrolyte and a ^ 
basic electrolyte vessel containing a basic electrolyte. 
CONSTITUTION: In an electric power system constituting an 
acid electrolyte vessel 10 and a basic electrolyte vessel 12, the 
vessel 10 and 12 are placed outside a power cell 14. An acid 
electrolyte and a base electrolyte accumulated in the vessels 
10 and 12 may be an arbitrary pair of electrolytes, whose 
concentrated aqueous solution containing their common salt 
has a melting point of about 0 to 100°C and sufficient acid and 
basic strength for supplying a cell voltage of about 1 volt. Since 
this voltage can normally be obtained with respect to a pH 
difference of around 13 at temperatures of about 100°C, acid 
and base having a pH difference of 8 to 26 are used. A high 
power system sufficient for supplying power to a drive coupled 
moter of an electric vehicle is thereby provided. 
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* NOTICES * 

iTPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] It appears in being an acid electrolyte container containing the acid electrolyte which has the 1 st 
pH, and a base electrolyte container containing the base electrolyte which has the (b) 2nd pH, and the 
difference of the 1 st pH and the 2nd pH generating a eel electrical potential difference enough, (a) A certain 
base electrolyte container, (c) The anode plate room which is the hydrogen-ion-concentration power eel by 
which an acid and base depolarization were carried out, and contains the (i) aforementioned base electrolyte, 
(ii) The cathode room containing said acid electrolyte and a hydrogen ion (iii) are consumed. The hydrogen 
ion reaction cathode arranged in said cathode interior of a room by which the particle and the consumed acid 
solution by which hydrogen gas or others was returned are generated during generating of said power in said 
cathode, (iv) The particle and the consumed base solution with which it is the hydrogen consumption anode 
plate arranged in said anode plate interior of a room, and a hydrogen ion or others oxidized are generated 
during generating of said power in said anode plate. Said cathode and anode plate externally from said eel 
for generating of the current between them A connectable hydrogen consumption anode plate, (v) The ion- 
exchange diaphragm arranged between said anode plate rooms and said cathode rooms, (vi) The acid 
electrolyte inlet port where said acid electrolyte is introduced all over said cathode room from said acid 
electrolyte container, A concentration power eel including the base electrolyte inlet port where said base 
electrolyte is introduced all over said anode plate room from said base electrolyte container, (vii) (d) A 
means to transport an acid electrolyte to said acid electrolyte inlet port from said acid electrolyte container, 
(e) A means to transport a base electrolyte to said base electrolyte inlet port from said base electrolyte 
container, (f) A means to transport the acid solution consumed by said acid solution container from said 
cathode room, (g) Power generation system including a means to transport the base solution consumed by 
said base solution container from said anode plate room, a means to transport said hydrogen gas to said 
anode plate from the (h) aforementioned cathode, and a means to supply the power generated in the (i) 
aforementioned eel to an external system. 

[Claim 2] Said difference between the 1st pH and the 2nd pH is power generation system according to claim 
1 which is about 8 thru/or 26. 

[Claim 3] the aquosity solution with which said acid electrolyte was condensed, said base electrolyte, and its 
common salt — about 0 — or — Power generation system according to claim 1 which has the melting point of 
100 degrees C. 

[Claim 4] Said ion-exchange diaphragm is power generation system according to claim 1 which consists of a 
two-layer cation diaphragm constituted from the cation-exchange diaphragm and strong acid cation- 
exchange diaphragm by which the crossover link was carried out by weak acid, high concentration, or 
altitude. 

[Claim 5] Said base electrolyte is supplied by the ratio of two-mol water to an one-mol sodium hydroxide, 
and said acid electrolyte is one-mol NaH2 P04. And power generation system according to claim 1 supplied 
by the ratio of a three-mol phosphoric acid to one-mol water. 

[Claim 6] Power generation system including the means which carries out the recharge of said power eel so 
that said acid electrolyte and said base electrolyte may furthermore be reproduced according to claim 1 . 
[Claim 7] It is the power generation system according to claim 1 by which said consumed acid solution 
container is arranged in said acid electrolyte container, and recycling of said consumed acid solution is 
carried out to an acid electrolyte container from said power cel. 

[Claim 8] It is the power generation system according to claim 7 by which said consumed base solution 
container is arranged in said base electrolyte container, and recycling of said consumed base solution is 
carried out to a base electrolyte container from said power cel. 
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[Claim 9] Said acid electrolyte container is power generation system including a means to introduce a new 
acid electrolyte into said acid electrolyte container according to claim 1. 

[Claim 1 0] Said base electrolyte container is power generation system including a means to introduce a new 
base electrolyte into said base electrolyte container according to claim 9. 

[Claim 11] Said acid electrolyte container is power generation system including a means to remove the acid 

solution consumed from said acid electrolyte container when filled with the acid solution with which said 

container was consumed, and to introduce a new acid electrolyte according to claim 7. 

[Claim 12] Said base electrolyte container is power generation system including a means to remove the base 

solution consumed from said base electrolyte container when filled with the base solution with which said 

container was consumed, and to introduce a new base electrolyte according to claim 8. 

[Claim 13] Said acid electrolyte container is power generation system including a means to remove the acid 

solution consumed from said acid electrolyte container when filled with the acid solution with which said 

container was consumed, and to introduce a new acid electrolyte according to claim 12. 

[Claim 14] Power generation system including a means to control the temperature of said system for said 

acid electrolyte container and said base electrolyte container by cooling Si and it furthermore according to 

claim 1 . 

[Claim 15] Said external system is the power generation system containing one or more electric motors 
which exist all over an electric vehicle according to claim 1 . 

[Claim 16] An acid and a base depolarization hydrogen-ion-concentration power eel are prepared, (a) This 
power eel (i) The anode plate room containing a base electrolyte, and the cathode room containing the (ii) 
acid electrolyte, The hydrogen ion reaction cathode by which the particle and the consumed acid solution by 
which it is the hydrogen ion reaction cathode arranged in said cathode interior of a room, the hydrogen ion 
was consumed, and hydrogen gas or others was returned are generated during generating of power in said 
cathode, (iii) (iv) The particle and the consumed base solution with which it is the hydrogen consumption 
anode plate arranged in said anode plate interior of a room, and a hydrogen ion or others oxidized are 
generated during generating of said power in said anode plate. Externally said cathode and anode plate from 
said eel for generating of the current between them A connectable hydrogen consumption anode plate, (v) 
The ion-exchange diaphragm arranged between said anode plate rooms and said cathode rooms, (vi) The 
acid electrolyte inlet port where said acid electrolyte is introduced all over said cathode room from said acid 
electrolyte container, It has the base electrolyte inlet port where said base electrolyte is introduced all over 
said anode plate room from said base electrolyte container, (vii) (b) Introduce an acid electrolyte into said 
power eel from said acid electrolyte container, and a base electrolyte is introduced into said power eel from 
the (c) aforementioned base electrolyte container, (d) Said acid and a base electrolyte are made to react in 
said power eel so that power, the consumed acid solution, and the consumed base solution may be 
generated, (e) Remove the acid solution consumed from said power eel, and the base solution consumed 
from the (f) aforementioned power eel is removed, (g) How to supply power to the external system 
containing the step which moves hydrogen gas to said anode plate from said cathode, and supplies power to 
said external system from the (h) aforementioned power cel. 

[Claim 17] Said consumed acid solution is the electric power supply approach according to claim 16 by 
which recycling is carried out to said acid electrolyte container. 

[Claim 18] Said consumed base solution is the electric power supply approach according to claim 17 by 
which recycling is carried out to a base electrolyte container. 

[Claim 19] It is the electric power supply approach according to claim 17 which said consumed acid 

solution is removed from said acid electrolyte container when filled with the acid solution with which said 

acid electrolyte container was consumed, and is permuted by the new acid electrolyte. 

[Claim 20] Said removed consumption acid solution is the electric power supply approach according to 

claim 19 processed electrically [ in order to form said new acid electrolyte and a new base electrolyte ]. 

[Claim 21] It is the electric power supply approach according to claim 18 which said consumed base 

solution is removed from said base electrolyte container when filled with the base solution with which said 

base electrolyte container was consumed, and is permuted by the new base electrolyte. 

[Claim 22] Said removed base solution which was consumed is the electric power supply approach 

according to claim 21 processed electrically [ in order to form said new base electrolyte ]. 

[Claim 23] Said consumed acid solution is the electric power supply approach according to claim 21 which 

is removed from said acid electrolyte container arid permuted by the new acid electrolyte at the time of ** 

filled with the acid solution with which said acid electrolyte container was consumed. 

[Claim 24] Said external system is the electric power supply approach containing one or more motors in an 
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electric vehicle according to claim 16. 

[Claim 25] Said power eel is the electric power supply approach according to claim 16 of operating at the 
temperature of -20 degrees C thru/or +120 ** within the limits. 

[Claim 26] The electric power supply approach according to claim 1 6 which carries out the recharge of said 
power eel so that said acid electrolyte and a base electrolyte may furthermore be reproduced. 
[Claim 27] Said concentration power eel is power generation system including a means to introduce said 
hydrogen gas a means to remove hydrogen gas from a cathode room, and all over said anode plate room 
according to claim 1 . 

[Claim 28] Said concentration power eel is power generation system including two or more hydrogen ion 
reaction anode plates and cathode by which the laminating was carried out according to claim 1 . 
[Claim 29] Said ion-exchange diaphragm is power generation system according to claim 1 which enables 
the hydrogen gas generated in said cathode to pass in said anode plate room through said diaphragm from 
said cathode room. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the electric power system which is used in order to supply 
electric power to the electric motor which exists in power generating for electric vehicles, and such an 
automatic in the train one general especially and in which a recharge is possible. About the acid and base 
concentration cell for using especially this invention, when supplying electric power to external systems, 
such as a vehicle of an electric vehicle and others, the acid and base electrolyte for cells are accumulated in 
an external tank, and it circulates through them on a cell if needed. This invention relates to application of 
the arbitration as which the power source in which an energy density high again, high power flux density, 
and a recharge are possible, and in which ********** j s possible again is required. 
[0002] 

[Description of the Prior Art] In the design of an electric vehicle, a dc-battery or a fuel cell is mainly 
thought. In order for the electric vehicle to be actually effective, it is important that the dc-battery or fuel 
cell which has a sufficient energy density and power flux density is developed. The energy density of a dc- 
battery determines the range or distance which an automobile can drive between recharges. In another side, 
power flux density determines available power as acceleration and a high-speed drive. It is important for the 
dc-battery or fuel cell used in order to supply electric power to the drive connection motor in an electric 
vehicle to have both a high energy density and power flux density. 

[0003] Generally electric power is supplied to an electric vehicle by lead and the acid dc-battery. Such a dc- 
battery is heavy, and when used in the high depth of the discharge demanded in order to provide an electric 
vehicle with most range, it has the cycle life restricted comparatively. Even in the high depth of discharge, 
the low energy density of lead and an acid dc-battery provides a small van only with the range of about 50 
miles. Furthermore, the recharge of lead and an acid dc-battery is a comparatively slow process which 
requires the dc-battery charging equipment which must be connected to a power source. The power source 
with another possibility, such as a sodium-sulfur dc-battery, is proposed. However, there is a problem that 
these selves and a sodium-sulfur dc-battery must operate at an elevated temperature in the ingredient used in 
such a dc-battery. 
[0004] 

[Problem(s) to be Solved by the Invention] Usually, it is desirable to offer the dc-battery or fuel cell which 
can be refueled quickly, without passing, carrying out a recharge or being dependent on the usual dc-battery 
recharge system. Moreover, it is cheap, and is general and it is desirable for it to be based on a time, and for 
there to be no fear of contamination, and to refuel using non-explosivility and the liquid chemically 
stabilized in incombustibility. Furthermore, in order for both energy density and power flux density to attain 
an operating characteristic permissible [ with automobile specification ], i.e., acceleration, present full 
speed, and the present range, it is desirable to provide to supply electric power to the drive connection motor 
of an electric vehicle with an electric power system high enough. 

[0005] The possible usage of others of this invention includes all application for which the rechargeable 
battery or fuel cell other than an electric vehicle can be used. Some of such usage is accumulation of 
electricity for a remote place power source, an aircraft dc-battery, a military dc-battery, and use peak 
powers. 
[0006] 

[Means for Solving the Problem] According to this invention, the electric power system which supplies 
electric power to external systems, such as one or more electric motors which appear in dc-battery-like the 
energy density and power flux density of a fuel cell attaining permissible acceleration, a rate, a life, and the 
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range to an electric vehicle enough, and are all over a certain electric vehicle, is offered. 
[0007] By using an acid and a base, this invention does not offer the power for a dc-battery or fuel cells, and 
is not carried out until now. This invention is based on the acid and the base depolarization hydrogen-ion- 
concentration power eel by which an acid and a base are accumulated by dissociating from a power eel into 
the are recording equipment of an external container. An electrolyte is moved to a power eel if needed, in 
order to generate the electrical and electric equipment. It is removed and the acid solution and the base 
solution consumed partially which was generated in the power eel and which is consumed partially are 
moved so that a container may be separated. That is, as for the solution (it is henceforth called a 
consumption solution) consumed partially, it is desirable that recycling is carried out to each of those 
electrolyte containers. Consumption of all acids and base electrolytes fills up a power eel by filling up a 
container with a new electrolyte. This can be performed by two approaches. (1) When a consumption 
solution is recycled and returned to an electrolyte container, a supplement process removes the solution first 
consumed from the container, and the recharge of the;(2) power eel which re- fills up an are recording 
container with new acid and base electrolyte can be carried out by the same approach as a dc-battery being 
charged by external charging equipment. It circulates through the consumed solution through a power eel 
until the original concentration of them is recovered. 

[0008] As a description of this invention, the dimension of an acid and a base are recording system container 
can be chosen so that it may provide in any range for which it asks to an automobile. The only limit to the 
range of an electric vehicle is the dimension of an electrolyte container. As another description of this 
invention, the recharge of the power eel equipped with the external electrolyte container can be easily 
carried out by only filling up a container. A supplement of a container can be attained by carrying out the 
recharge of the electrolyte in a system electrically from those consumed each acids and a base solution. That 
is, the acid and base solution which were consumed can be discharged from a system, and a container can be 
filled up with a new electrolyte. 

[0009] When the consumed solution is discharged from a system and filled up with an electrolyte with a 
new container, these electrolytes can be generated by some approaches. First, it is cheap and a certain acid 
produced by the current mass, the base, and the salt are used in the chemical industry very in large 
quantities. The phosphoric acid and the sodium hydroxide are cheap, and are the example of the desirable 
acid mass-produced and a base pair. The sodium phosphate which is the consumed consequent solution 
which is discharged from a system as shown in the following formulas (3) is a salt cheap again mass- 
produced. These three chemicals are used for many various purposes very in large quantities in the current 
chemical industry. Each chemical is sold at a low bulk price. Therefore, the new electrolyte reached and 
consumed can be dealt with in the current commercial scene of a fundamental chemical plant. 
[0010] The 2nd source of a new electrolyte is the electric recharge of the consumption salt to the new acid 
and new base in a fixed power eel of an electric useful grid in non-peak time. These fixed power eels are 
very similar to the electric vehicle cel. However, it is that one advantage can be optimized [ in / to a 
recharge / when two electric power systems are used, an electric vehicle power eel can be optimized in a 
design and costs to discharge of power, and / in a fixed power eel / a design and costs ]. 
[001 1] Another description and the additional advantage of the above of this invention and a large number 
will be understood still better by referring to the following detailed explanation and accompanying 
drawings. 
[0012] 

[Example] In drawing 1 , the electric power system of the desirable example by this invention is shown 
roughly. Especially an electric power system fits the use for supplying electric power to the electric motor 
used in the drive connection section of an electric vehicle good. The power flux density of a power eel is 
enough to give sufficient acceleration for an automobile, and use of the external electrolyte container by this 
invention offers an energy density required to offer sufficient range for an automobile. 
[0013] Although the electric power system by this invention is especially designed to the use at the time of 
electric supply of an electric vehicle, this contractor will understand that this electric power system is 
effective in the situation of arbitration that the electric power system which has comparatively high power 
flux density and a comparatively high energy density and in which a recharge is possible is needed. 
Therefore, an electric power system may not be limited to the use relevant to the electric motor used as a 
part of electric vehicle drive connection section, but it may be used in the wide range application as which a 
power output high again is required over long duration. 

[0014] When drawing 1 is referred to, an electric power system contains the acid electrolyte container 10 
and the base electrolyte container 12. Both acid electrolyte container 10 and base electrolyte container 12 
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are arranged on the outside of the power eel 14. the acid electrolyte and base electrolyte which were 
accumulated in each of those containers 10 and 12 — the condensed water solution of electrolyte pairs and 
those common salts — abbreviation 0 — or — It can be the electrolyte pair of the arbitration which has the 
melting point near 100 degree C, and has a sufficient acid and basic strength to supply the eel electrical 
potential difference of about 1 volt. This electrical potential difference is usually abbreviation. It is possible 
to be obtained to Ph difference of a near [ 13 ] at the temperature of 100 degrees C. According to this 
invention, it is abbreviation. An acid and a base with pH difference of 8 thru/or 26 are used. Generally, an 
acid electrolyte is a BURONSUTEDDO (Bronsted) acid and a base electrolyte is a BURONSUTEDDO 
base. The vocabulary a "BURONSUTEDDO acid" means the acid characterized by the inclination which 
emits a proton in here, and the vocabulary a "BURONSUTEDDO base" means the base characterized by the 
inclination to receive a proton. Although such an acid electrolyte and a base electrolyte pair are not limited 
to it The :1. phosphoric-acid-sodium hydroxide, potassium, or lithium 2. sulfuric-acid-sodium hydroxide 
containing what was shown below, A potassium, a lithium 3. methansulfonic acid-sodium hydroxide, or a 
potassium 4. truffe RUORA methansulfonic acid-dibasicity AMMUNIUMU orthophosphate 5. fluoroboric 
acid-sodium-hydroxide 6. trifluoro methansulfonic acid-sodium hydroxide, In the case of 8. trifluoro 
methansulfonic acid-ethylamine 9. trifluoro methansulfonic acid-ammonia some a lithium or the potassium 
7. methansulfonic acid-3rd orthochromatic sodium phosphate — the mixture of an acid — and — or it is 
effective to use the mixture of a base. For example, in order [ which mixes a phosphoric acid and a sulfuric 
acid ] to form an acid electrolyte, to depend especially or to form a base electrolyte, an advantage is 
acquired by mixing a sodium hydroxide and a potassium hydroxide. Such mixture is contained in the 
vocabulary "the acid electrolyte" and the "base electrolyte" which are used here. 
[0015] These pairs differ from the acid and the base pair to actuation of a thermoelectricity chemistry 
system in Differential pH and the heat ability to regenerate of an acid and a base resultant. These acids and 
base pairs have the differential pH above about eight, and cannot reproduce it thermally under the upper 
limit regenerating temperature which actually operates, and a condition. Some of a pair of above-mentioned 
lists are stable only at low temperature. For example, it is predicted that hydrogen returns a sulfuric acid at 
the temperature above 50 degrees C. 

[0016] Actuation of the thermoelectricity chemistry system used since an acid and a base electrolyte 
generally generate the electrical and electric equipment is a U.S. Pat. No. 4,738,904 specification and the 
4,810,596th. It is indicated by the number specification at the detail and both patents are owned by these 
people. The contents of these two patent specifications are referred to with other patents and bibliography in 
this specification. 

[0017] The reaction of all acid and base pairs is represented by the example of a phosphoric- acid-sodium 
hydroxide. The electrochemical reaction in an electrode is shown by the following formulas (1) and (2). It 
sets to cathode and is :H3 P04+Na++H2 O+e-. -> l/2H2+NaH2 P04+H2 O (1) 

H2 generated in cathode It circulates to the anode plate where it is consumed. In anode plate: OH-+1/2H2 -> 
H2 O+e- (2) 

The pure reaction shown in the following formulas (3) is :H3 P04+NaOH which shows that an acid and a 
base react and a salt is generated. -> NaH2 P04+H2 O (3) 

Therefore, generally in cathode, a hydrogen ion is consumed and the particle to which hydrogen gas or 
others was returned is generated. The particle to which a hydrogen ion or others oxidized in the anode plate 
on the other hand is generated. 

[0018] It sets to an electrode and an acid is high H+. Concentration is offered. H+ generated in the anode 
plate High-concentration OH - It is low maintained by reacting immediately and forming water. H+ The 
difference of concentration offers a eel electrical potential difference from two hydrogen electrodes. The 
electrical-potential-difference loss from liquid junction potential is slight. These hydrogen electrodes are the 
same types as what is used in a typical fuel cell. Such an electrode is available from various firms, such as 
Massachusetts and GINER of Waltham. As for two inter-electrode decollators, it is desirable that they are 
cation-exchange diaphragms, such as a lei par (Raipore) diaphragm offered by the RAI research company of 
Nation (Nafion) offered by Du Pont of Delaware Wilmington or New York State Hauppauge. A cation 
diaphragm is not a base side, a salt is centralized on an acid side, and it is quite difficult to dissolve in here. 
Before enough phosphoric-acid anions permeate through a diaphragm and precipitate to a base side, the data 
which a closed system shows was possible for the recharge for about two years are obtained. Of course, 
when supplied instead of the recharge of it being carried out, a water solution is discharged completely, it 
permutes by the new liquid, and deposition of the salt by the side of a base is few. Another electrode suitable 
for the use in this invention contains the electrode which contains a hydrogen ion as a part of those 
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reactions. 

[0019] The hydrogen electrode of the fuel cell type used in the same mode as this invention will come for 14 
years, and is known, and 1 0,000 or more deep discharge cycles are attained, without degrading a property. 
Except for the pump of two usual types, since it is passive, this system is considered to have a long life as 
compared with the short life of another dc-battery considered [ as opposed to / again / an electric vehicle 
life ] by other parts of a system. The differential pressure force of two liquids must be able to be maintained 
by several pound (psi) per 1 square inch. On count, it is shown that pumping pressure force descent is only 
about 2 psi(s) (14K pascal). The osmotic pressure of the liquid to the inside of the hole structure of the 
hydrophobicity of a fuel cell electrode is fully measured by upper 13psi(s) (190kPa) from the calculated 
pressure drawdown. 

[0020] The acid electrolyte working [ of a power system ] and in a container 10 is sent with a pump into the 
concentration power eel 14 through Rhine 18 with a pump 16. The base electrolyte from a container 12 is 
sent with a pump with a pump 22 through Rhine 28 at coincidence into a eel 14. An acid and a base are 
partially consumed during each period when a large number have passed the eel 14, in order to form the 
power supplied to the electric vehicle motor 24. It is generated in an acid side and recycling of the hydrogen 
gas is carried out to the base side by which it is consumed through Rhine 26, 30, 34, and 39. The acid 
solution consumed partially is removed from a eel through Rhine 26. The base solution consumed partially 
is removed from a concentration flow eel through Rhine 20. The whole of the tooth space above the solution 
level 1 1 and 1 3 and Rhine 30 thru/or 40 is filled up with hydrogen. The acid solution and hydrogen in Rhine 
26 are mutually separated easily in an acid electrolyte container. 

[0021] To the eel design shown in drawing 2 , this mixture of an acid and hydrogen gas is characteristic, and 
is explained below. The bulb 41 is formed for addition of the beginning of the hydrogen in Rhine 30 thru/or 
40. The pressure gage 44 is formed in order to supervise an equal pressure in an acid, a base, and hydrogen 
Rhine. 

[0022] Bulbs 70 and 72 are used in order to empty [ restoration or ] an acid and a base container. A bulb 42 
is used in order to exhaust the inside of a system to a vacuum first. An acid and base Rhine 26 and 20 return 
the acid and base which were partially consumed by each of those containers for continuous circulation until 
a solution is consumed completely, as set by the above-mentioned formula (3). Rhine 39 is a hydrogen 
access line to the channel 50 in drawing 2 , Rhine 39 functions as an access line to the anode plate channel 

80 again, and, on the other hand, Rhine 40 functions as a hydrogen access line to the acid cathode channel 

81 in the eel design shown in drawing 4 . The access line 40 is unnecessary in the eel design shown in 
drawing 2 and 3. Since hydrogen is directly moved through a diaphragm so that each Rhine 39 and Rhine 40 
to channels 58 and 56 may be explained below to the eel design of drawing 3 , it is option-like. 

[0023] Since hydrogen must be supplied to the acid side of a eel at the time of charge, the eel design shown 
in drawing 2 is used only as a discharge cel. However, flow is changed, and when delivery and a pump 16 
send [ a pump 22 ] an acid for a base with a pump through Rhine 28 through Rhine 1 8 with a pump, the 
design of drawing 2 can be used to both charge and discharge. In order that the mixture of an acid and a base 
may generate too much heat, attention must be paid to discharging a eel completely before changing flow. 
This problem is not in the eel design shown in drawing 3 and 4, and a recharge can be performed only by 
combining charging equipment, without changing a system function at all. This is similar to mere charge of 
the usual dc-battery system. 

[0024] When many eels have been arranged in a pie porous tuck to the eel design of drawing 4 , the cathode 
electrode 84 and the current collection screen 91 contact on the anode plate 82 of the following eel, and it is 
important for hydrogen to cross the gas spacing 81 and to be moved to an anode plate. When it states 
strictly, it is needed in order that only two edge eels in a stack may connect with Rhine 39, 34, and 40. 
However, in order to maintain all the channels 80 and 81 to equilibrium at the same hydrogen pressure, it is 
effective to leave all the hydrogen gas channels connected through the small single manifold. : whose 
approach alternative to connecting a hydrogen channel to a common manifold in each eel of a eel stack is as 
follows — or [ carrying out the recharge of the sometimes consumed electrolyte ] — or before discharging, a 
power eel is discharged and is re-filled up with hydrogen from a very small hydrogen are recording cylinder. 
The late hydrogen leakage from a system is not avoided, but such hydrogen sometimes needs to be supplied. 
Such a hydrogen supply approach is applicable to both eel design shown in drawing 3 and drawing 4 . In a 
large system, it is thought that many acids and base are recording tanks are used. Water and Na+ which pass 
along a diaphragm during such discharge The amount of base solutions decreases for migration, and the tank 
of a :a. reserve with increment sushi and three selections effective [ the consumed amount of acid solutions ] 
is formed for the consumed acid.; 
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b. If many acids and base tanks are used and a base tank becomes empty, it will be automatically supplied 
by the bulb all over an acid circulation line.; 

c. An are recording tank is maintained by the temperature gradient, or a temperature gradient makes the 
diaphragm migration late so that water may be distilled by the base through Rhine 34 from an acid. 
[0025] Since another, effective description of this invention is the simplified heat control to this system, an 
option (c) is desirable. The heat control of the dc-battery of high power flux density by which the stack was 
carried out closely is a serious problem. A fluid is transported with a pump between power eels, and a power 
eel is abbreviation. Especially the thing operated most efficiently at 1 10 thru/or 120 ** is effective. A fluid 
moves heat to a container are recording tank from a power eel stack. The outside field of these tanks can be 
used by giving air quenching on the front face of a tank etc. for heat leakage. Therefore, in order to promote 
preservation of the water in a base tank, it becomes possible to maintain acid vat to temperature somewhat 
higher than a base tank. At the time of charge, a temperature gradient can be reversed, when sodium ion and 
water move to a base from an acid. It depends for the relative amount of the water which moves through a 
diaphragm on the type of the diaphragm used, and other physical factors at altitude, therefore, above both — 
being used together are desirable instantiation-conditions, in order that a method (b) and (c) may make a 
system characteristic max and may make min the excessive amount of are recording tanks. 

[0026] Reference of drawing 2 gives the still more detailed schematic diagram of a eel 14. A eel 14 contains 
the acid electrolyte channel 46 into which the acid electrolyte from Rhine 1 8 in drawing 1 is introduced. The 
channel into which a base electrolyte is introduced from Rhine 28 is shown by 48. The hydrogen channel 
which the hydrogen by which recycling is carried out in Rhine 34 passes in a eel is shown by 50. The 
hydrogen channel 50 and the base channel 48 are separated by the eel anode plate 52. The cathode for eels is 
arranged 54. Cathode is separated from the base electrolyte by the cation-exchange diaphragm 56. the edge 
plate of a eel, and a current — the conductor is shown by 58 and 60. The current collection screens 59 and 61 
connect an anode plate 52 and cathode 54 to external current lead wire electrically from the edge plates 58 
and 60. 

[0027] The detail of the pure eel reaction which a base electrolyte and an acid electrolyte combine through 
the cation-exchange diaphragm 56 is explained by the above-mentioned formula (1), (2), and (3). The result 
of the electrochemical reaction between an acid electrolyte and a base electrolyte is generating of the power 
between the anode plates 52 and cathode 54 which are removed from a system by the electric motor 24 
through an external circuit. 

[0028] The base electrolytic solution with which it was consumed in the channel 48 is removed, and as 
shown by the arrow head 62, recycling is carried out to a base container. The consumed acid electrolyte 
solution which was generated during the eel reaction is removed from a channel 46, as shown by the arrow 
head 64. It returns to an acid container through Rhine 26. The hydrogen gas generated in the channel 46 is 
removed from a eel, as shown by the arrow head 64 for migration to the hydrogen circulation line 34 which 
passes along Rhine 26 again. 

[0029] As a specific description of this invention, as long as an acid and a base electrolyte are introduced 
into a eel, a eel 14 operates so that the electrical and electric equipment may be generated. Therefore, the 
energy density of a system is governed by the dimension of the acid container 1 0 and the base container 1 2 
as compared with the dimension of a cel. As for an acid and the base containers 10 and 12, it is desirable to 
be formed in the limit demanded from a specific automobile as greatly as possible. The acid container of 
about 45-gallon acid electrolytes, such as a phosphoric acid, may be used combining it with the base 
electrolyte container which has the capacity of about 45 gallons of base electrolytes, such as a sodium 
hydroxide, to a small van. To such a van, overall energy densities are about 95W per kg, and time amount 
(wh/kg), and are abbreviation. It must have the mileage of 200 miles. 

[0030] It is NaH2 P04 by recycling in each of those acids and a base electrolyte container as the acid and 
the base solution shown in drawing 1 in the experiment. Saving 91% of those energy through the depth of 
91% of discharge is proved. This provides an automobile with the maximum initiation acid and a base 
electrolyte load. When all the electrolytes are used completely, the acid and the base container are filled 
with those consumed each solutions. The recharge of the system must be carried out at this time. About the 
acid container 1 0, the bulb 70 is formed in order to discharge the acid solution consumed from the container 
10. A container 10 is filled up with a new acid electrolyte through a bulb 70 after removal of the consumed 
acid solution. The process over a base container is the same. The consumed base solution is removed from a 
container 12 through a bulb 72, and a container 12 is continuously filled up with a new base electrolyte 
through the same bulb 72. For the combination of a desirable acid electrolyte and base electrolyte, an 
initiation liquid is abbreviation. They are a phosphoric acid and a sodium hydroxide because of the costs 
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which are only 200 dols. 

[0031] In one desirable example, the acid and base solution which were consumed are removed from a 
system, and a recharge is carried out later in the charging equipment separated so that they might be 
changed and returned to an acid and a base electrolyte reusable in a power system. In this example, also 
while it discharged from the external tank and discharge has arisen, it is possible by filling it up with a new 
electrolyte to supply a system quickly. As the substitute, the recharge of the power system can be carried out 
in the original location. This recharge system reverses electrode reaction and reproduces an original acid and 
an original base electrolyte. 

[0032] Although some eel designs in which a recharge is possible exist in the original location as discussed 
before, the optimal design for both discharge and recharge is shown in drawing 3 . At the time of discharge, 
an acid electrolyte goes into a power eel from a tank 10 in a channel 56, and returns to a tank 10 by the 
channel 74. Similarly, a base electrolyte goes into a eel from a tank 12 by 58, and returns from the eel outlet 
73 to a tank 12. The fiiel cell electrode 52 or the isolation construction of 82 and 84 is avoided. As the 
substitute, direct coupling of the electrodes 63 and 64 is carried out to the cation diaphragm 66 so that the 
same structure as the thing and the essential target which were used in the solid-state polymer electrolyte 
fuel cell of the already developed technique may be generated, for example, they are sold from the ballade 
power-system company (North Vancouver, British Columbia, Canada). The main differences are that the 
hydrophobic, very small hole 62 is intentionally introduced into a cation diaphragm. Thus, the hydrogen gas 
generated in cathode can be sent to a direct anode plate, without needing the separation fuel cell electrode 
structure 52 for outlet Rhine 26 and 34 lists. This design is cheap, and its eel impedance is low, therefore its 
power flux density is higher than other designs. It is the design which it was developed in the U.S. Pat. No. 
4,865,925 specification, and was indicated by the detail, and this patent is owned by these people. The 
descent of lpsi (7kPa) in the hydrogen pressure force, and 800 mA/cm2 Abbreviation equal to a current H2 
which passes along a 0.1 -micron hole Flow is produced. The hole density of about 1% of void fraction in a 
diaphragm is enough to maintain such current density. This current density is enough to generate power flux 
density exceeding what is needed for offering the energy of 95 wh/kg explained first. 
[0033] The recharge is the same to the dc-battery of arbitration. That is, the current in a eel is reversed. 
Electrodes 63 and 64 are H2. It flows through a hole 62 from electrodes 63 and 64, and by making a formula 
(1) and the reaction of (2) reverse by it, it connects with a terminal negative [ of charging equipment ], and 
forward through the current collection screens 69 and 72 at the edge plate 68 and 71 lists, respectively so 
that each acid and the base electrolyte containers 10 and 12 may be supplied. Circulation continues until it 
operates in the same direction as a front, an acid and a base are supplied and pumps 1 6 and 22 become the 
original reinforcement and a presentation. 

[0034] As mentioned above, especially the design of drawing 4 is appropriate for the pie porous tuck of a 
cel. As a substitute of the edge plates 88 and 90, the repeated cathode 84 is projected to the hydrogen 
channel 80 combined by the repeated electric conduction screen 89 and the repeated anode plate. The base 
inlet port 78 and the outlet 92 are repeated like a diaphragm 86, the acid inlet port 76, and an outlet 94. The 
hydrogen channel 81 and the electric conduction screen 91 are the units which the hydrogen channel 80 in 
the eel which adjoined, respectively, and the electric conduction screen 89 repeated. Although it has highest 
iR descent, this eel does not have a metal plate, and since the number of current collection screens is 
decreasing, it has the minimum weight. 

[0035] the rate of a presentation obtained to the acid which the charge experiment offered the rate of 
concentration of the base solution with which two-mol water was supplied to one-mol NaOH, and was 
supplied on the other hand when the phosphoric acid and the sodium-hydroxide system were used as an 
example - one-mol NaH2 P04 and one mol H2 O - receiving - three-mol H3 P04 it was . Two-layer 
cation-exchange diaphragm 906, for example, Nafion of Du Pont (Wilmington and Delaware), Or 
R1010/CRP-7 of a RAI company (Hauppauge, New York) were used, moreover, the special two-layer 
diaphragm of an example — weak acid — high concentration — and — or it can be formed by covering with 
the very thin film of the Nafion cation-exchange diaphragm ingredient of strong acid the diaphragm of the 
cation-exchange diaphragm CRP-7 grade by which cross linking was carried out to altitude. 
[0036] These reproduced same solution presentations were used when calculating the spark discharge 
energy consistency of 95 wh/kg to a small van. 

[0037] When the fuel cell electrode structure where it became independent like [ in the case of the cathode 
of the eel of drawing 2 , the cathode for the eels of drawing 3 , and an anode plate ] is not used, direct 
coupling of the electrode is carried out to the diaphragm by the approach well learned to the person well , 
versed in the solid-state polymer electrolyte fuel cell technique. However, in order to optimize the cathode 
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property in the eel of the type shown especially in drawing 2 and 3, the special electrode structure of duplex 
porosity is used and it includes use of the zinc dust in the inside of the cathode filtered in plasma etching of 
a diaphragm, and the back. These techniques are indicated by the United States patent 07th/No. 839,521 
specification (1992 February 21 application). 

[0038] All explained various eel designs operate under the same temperature and a flow and pressure 
requirement. A temperature requirement of operation is [ about ] to the phosphoric acid and sodium- 
hydroxide system explained first. -It is 20 degrees C thru/or +120 **, and is the very desirable range for an 
electric vehicle. The concentrated solution explained above remains with the liquid partially to -20 degrees 
C at least. This liquid range produces another, important property of a heat control system based on use of 
one side of the electrolyte container are recording tank as heat leakage or a system cooling surface, or 
another side. The remaining things of a system are thermally separated so that only an are recording tank 
may be used for heat removal. When the period actuation with a system is suspended, it cools slowly and 
partial precipitation of a salt generates it. The filter is contained in the tank of the arbitration used for 
cooling in order to prevent plugging of Rhine which connects the liquid path and power eel, and container 
are recording tank in a power cel. When a system is suspended, a pump continues operating at a late rate 
during a certain period so that all the solidified salts may be caught with a filter. The remaining liquids have 
energy raised in fact, or [ that initiation discharges a system when a system starts again ] — or even if it is for 
carrying out a recharge, a system is heated and a salt dissolves it again. 

[0039] As for a system pressure, being determined according to the hydrogen pressure force is desirable, this 
pressure — some of circumference pressures — it can be set up over a top, i.e., the range of 15psia(s) 
(lOOkPa) thru/or about 50 psia(s) (350kPa). 
[0040] The example of this invention is shown below. 

[Example 1] The cathode structure of duplex porosity was combined with R1010 diaphragm of a RAI 
company by which plasma etching was carried out by the approach shown above. The anode plate consisted 
of fuel cell electrodes in which the porous Teflon offered by GINER of Massachusetts Waltham was 
prepared by the posterior part. This arrangement of electrode was able to attach the current collection screen 
and manifold which offer the eel roughly shown in drawing 2 by which the posterior part of an anode plate 
is exposed to hydrogen, and the anterior part of an anode plate is exposed to a base solution. Then, the eel 
was attached into the eel test rig shown in drawing 1 . This system included a means to transport hydrogen 
to an anode plate, from an are recording tank, a circulating pump, and cathode. 

[0041] In order to begin a spark test, electrochemistry equipment was discharged through Rhine 32 by the 
vacuum pump. Then, it was used, in order that a bulb 42 might be closed and a vacuum pump might attract 
85% of the weight of a phosphoric acid in acid vat 10, and the 20-mol sodium hydroxide was attracted in the 
base are recording tank 12. Next, hydrogen was introduced into the system through the bulb 41, and was 
made into the pressure of 35 thru/or 40psia(s) (242 thru/or 272 kPa). The eel was heated by 75 degrees C 
and pumps 16 and 22 started it. 

[0042] Then, polar measurement (current pair electrical potential difference) was performed about the 
electrochemistry cel. The result is shown in drawing 5 . Per square centimeter The 140mW (mw/cm2) 
maximum power flux density was obtained at 75 degrees C. In 20 degrees C, the maximum power flux 
density was 95 mw/cm2. 140 mw/cm2 Maximum electric power It is equal to 580W [/kg ] eel power flux 
density. It is based on taking into consideration the pump and shunt loss which were calculated by this 
conversion, the manifold to the 250-volt bipolar stack for electric vehicles, an edge plate, ohmic contact 
loss, and the list. 

[0043] The result of the depth (DOD) of discharge is shown in Table 1. 100% of DOD is equal to 
conversion in the pure salt (NaH2 P04) of all acids. The presentation of the electric vehicle design point of 
an acid and a base was used, these - acid [ of 3:1 : 1 ]: - salt: ~ the acid presentation ratio of the beginning 
of water, and base [ of 1 :2 ]: — it is the base composition ratio of water. 
[0044] 

table 1 The depth of discharge and relation of open-circuit voltage to 75 degrees C DOD An electrical 
potential difference 0 0.94 91 0.86 - H3 PO [ as opposed to the diluted solution of an acid and a base in 
both these electrical potential differences ]4 : It is in agreement with the theoretical electrical potential 
difference and the fitness which are predicted from a NaOH presentation pair pH curve. Although it is 
thought that the fact that the concentrated solution activity effectiveness is similar to dilution activities is 
accidental, it is not predicted from the HYUKKERU processing to a perfect debye (Debye), i.e., a 
concentration electrolyte, and especially its extension. 

[0045] Then, the charge trial was performed in order to check the capacity which carries out the recharge of 
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the system. It is sodium phosphate solution NaH2 P04 which is the eel product which the phosphoric acid 
and the sodium hydroxide were discharged in order to begin a charge trial, and was mixed, and fully 
discharged. It formed. Sodium phosphate was returned to the base electrode tank 12. The acid electrolyte 
tank 1 0 was the state of the sky. The eel was heated by 75 degrees C. Then, the current was supplied in 
order to charge a cel. The generated base liquid was collected by the empty tank. The liquid of the generated 
acid was given so that it might accumulate in an sodium phosphate solution. After the trial, base liquid was 
discharged and was analyzed by heating- value titration. 
[0046] The result of a eel charge trial is shown in Table 2. 

table 2 [ ] Cel charge trial The format of a diaphragm Initiation coulomb effectiveness The acid to a salt It 
can set to 3:1 ratios. Final effectiveness Nafion 906 91 76 Two-layer RAI R1010 79 .... /CRP-7 Two-layer 
potential efficiency is similar to the discharge data given to drawing 5 at the time of charge. A recharge is 
pure NaH2 P04. It is obtained from a solution and is H3 P04 of 3:1. : NaH2 P04 It is made a ratio and this 
is the basic electric vehicle [ energy density / which was described above ] design point. Sodium-hydroxide 
reconstruction was 20 molar solution or two mols [ per one-mol sodium hydroxide ] water. It is the design 
point of the above-mentioned electric vehicle again. Coulomb effectiveness when charge is completed 2/3 is 
Nafion 906. It was 89% to the diaphragm. 

[0047] The result of a spark test shows that substantial electric energy can be acquired from a cel. 
Furthermore, open-circuit voltage is close to the heat dynamic value predicted to an acid and base 
neutralization. A charge trial shows that the sodium hydroxide and the phosphoric acid were generated, 
when a current is supplied to a cel. It is desirable to be used in order for a two-layer diaphragm to choose 
sodium ion in order to carry out a recharge, and to remove a hydroxyl-group group. Especially this demand 
to an ion-exchange diaphragm is not necessarily required in the power system a recharge is not predicted to 
be in the original location, and a recharge empties a container and is performed by filling them with a new 
electrolyte. 

[0048] However, it is also desirable to use the same power eel equipped with the same diaphragm to both 
charge and discharge, and to have the system which is optimized by both charge and discharge and in which 
a recharge is possible. It is needed only at the time of charge, it consists of two layers, and a two-layer 
diaphragm adds cell resistance to a****** sake higher-density than the diaphragm by which one of these is 
used only for discharge to some extent. This effectiveness is RAI of high density, although it is low 
resistance. CRP-7 diaphragm is used and it can be mitigated by covering it with the thin Nafion film cast on 
direct CRP-the 7th page. In this case, resistance of a two-layer diaphragm is RAI. Only a few is increased to 
R1010 diaphragm and a discharge property compromises on min. 

[0049] [Example 2] Some open-circuit voltage of an acid was compared by 20 degrees C in the cel. 
Effectiveness with a low electrical potential difference of 20 degrees C compared with the data reported in 
Example 1 can be taken into consideration when a eel electrical potential difference must be proportional to 
the ratio of absolute temperature mostly. Moreover, the effectiveness of the contents of water was measured 
in both acid and base as effectiveness which added the salt to the acid side. The result is shown in Table 3. 
Only one used base is a sodium hydroxide (NaOH). The only salt data were obtained to simple salt radical 
sodium phosphate (NaH2 P04). 
[0050] 

table 3 [ ] room temperature electrical potential difference Acid: Water: Base Open circuit (electrical 

potential difference) 

Acid Salt (mol) (a mol/liter) 

96% sulfuric acid 1:0:0 10 1.70 1:1:0 10 1.35 1:2:0 10 1 .2699% trifluoro 1:0:0 20 1.60 methansulfonic acid 
1:0:0 10 1.41 1:0:5:0 20 1.43 1:1:0 101.2085% orthochromatic phosphoric acid 1:0:0 10 0.77 1:0:0.2 100.77 
1 :2:0.2 10 A sulfuric acid provides with an electrical potential difference higher than a trifluoro 
methanesulfon (triflic) acid what it should be [ a thing ] surprised 0.77. The leveling effectiveness of water 
is clear and an electrical potential difference decreases to 1 .26 volts. The advantage which condenses the 
base is clear to the level (20 mols/(l.)) attained by the recharge in electric vehicle design point level and 
Example 1 about both triflic one and phosphoric-acid cel. When, as for an electrical potential difference, 
base concentration is increased in pure TORIFIKKUSERU It increased 0.2 volts. Addition of the water by 
the side of an acid is 0.2 again. Although only a bolt reduces this electrical potential difference, it is 
ineffective to add water further in any way (0.2 ia a 20-mol base 0.2 in the ten-mol base by which the 
voltage drop of a bolt and twice as many water as this were added to the acid side comparing with the 
voltage drop of a bolt). In a phosphoric-acid eel, adding water to an acid side and losing it from a base side 
has the same concentration effect as a triflic acid. 
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[0051] It can be admitted that adding the salt of a small amount to a phosphoric-acid side does not reduce an 
electrical potential difference, and, probably this can be explained by the Debye-Huckel theory of the 
increment in the activity generated by the salt precipitation effectiveness in the inside of a concentrated 
solution. 

[0052] Although this invention has been explained about a desirable electrolyte pair, this contractor will 
recognize that an electrolyte of operation and a eel geometrical configuration reach far and wide and are 
selectable. For example, it is possible to form the salt of fusibility in altitude, and the acid or base of 
fusibility can be used for the altitude of the arbitration which is stable to hydrogen as an electrolyte. 
Moreover, like the diaphragm the ion-exchange diaphragm was indicated to be by the U.S. Pat. No. 
4,865,925 specification, to hydrogen and a cation, if it is permeability, a still KOMBAKUTO fuel cell 
geometrical configuration can be used. It should also care about that all various eel designs of this invention 
are easy to be formed in the "bipolar" stack of an a large number cel. Although the effectiveness of a power 
system probably falls and the diaphragm is effective only in supply mode, the diaphragm of others like a 
non-selectivity diaphragm is also usable. 

[0053] Although the example of this invention has been explained, this contractor should recognize that 
various modification, application, and corrections can be made in addition to this, without these passing to 
mere instantiation and deviating from the technical range of ** and this invention. Therefore, this invention 
is not restricted to the specific example shown here, and is limited only to the attached claim. 

[Translation done.] 
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* NOTICES * 

JFO and NCI PI are not responsible for any 
damages caused by the use of this translation, 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 2] 




[Drawing 3] 



http://www4.ipdLncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



5/24/2006 



JP,06-318470,A [DRAWINGS] 



Page 2 of 2 




58 62 56 



[Drawing 4 ] 



0— 




[Drawing 5] 

1000 



200 




ft EZ 8C mA/ 



[Translation done.] 



http ://www4. ipdl . ncipi . go jp/cgi-bin/tran_web_cgi_ej j e 



5/24/2006 



CONCENTRATION CELL OF ACID AND BASE FOR GENERATING ELECTRIC 
POWER 



Patent number: 
Publication date: 
Inventor: 
Applicant: 
Classification: 

- international: 

- european: 
Application number: 
Priority numbers): 



JP6318470 
1994-11-15 

FURANKU EE RUDOUITSUGU 
HUGHES AIRCRAFT CO 

H01M8/18; H01M8/22; H01M8/18; H01M8/22; (IPC1-7): 
H01M14/00; H01M8/22; H01M10/36 

H01M8/18C; H01M8/22D 

JP1 9940024548 1 9940222 

US19930021417 19930222 



Also published as: 

1|3 EP0613199(A1) 
f] US5304430(A1) 



Report a data error here 



Abstract of JP631 8470 

PURPOSE: To provide a high electric power 
system which is sufficient for supplying power to 
a drive coupled motor of an electric vehicle 
through the use of acid and base by providing an 
acid electrolyte vessel, containing an acid 
electrolyte and a basic electrolyte vessel 
containing a basic electrolyte. CONSTITUTION: 
In an electric power system constituting an acid 
electrolyte vessel 1 0 and a basic electrolyte 
vessel 12, the vessel 10 and 12 are placed 
outside a power cell 14. An acid electrolyte and a 
base electrolyte accumulated in the vessels 10 
and 12 may be an arbitrary pair of electrolytes, 
whose concentrated aqueous solution containing 
their common salt has a melting point of about 0 
to 100 deg.C and sufficient acid and basic 
strength for supplying a cell voltage of about 1 
volt. Since this voltage can normally be obtained 
with respect to a pH difference of around 13 at 
temperatures of about 100 deg.C, acid and base 
having a pH difference of 8 to 26 are used. A 
high power system sufficient for supplying power 
to a drive coupled moter of an electric vehicle is 
thereby provided. 
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[SB*JR2] »l<0pHkS2OpHkwHO«JrE^ 
lift 8 7iS26-e* * If *A 1 -^fi, 
[Rf*£3] WEKR»R«)*»Sftfc*ttSflU b9 

jft«r*1-4|||#3llE«0*»»i^^^A. 

liSKK^g'J >*Sftfcli* .fctfMI 
»'f*>5a«MJ: ►)«j£3ftfc2SBK&'r *>HI(4»fe 
te h »*JI 1 E««0 mtl y^fi. 

5 ] H&EiSSRJBR** 1 * *0*BHfc*- h V 

2 **©*©tt-ett»3ft* ffrEBtKffiR 

jJM *;UC0N a H2 P04 iiiO f l*)l'©*C«i-4 3 

6 ] ?t. i=1»ESR*R& i OTNHftS** 



[B*iS7] EEffiR3ftfcttftK$8<ifrERttJ* 

Rest ceits ft, *EW»sftfc»*«tt!(re'<7 

- -b /Uj4» h KRSIRSSKW6SS3 ft * »#JS 1 E«<9 

8 ] EEffIR S ft£ig*ig?£§S?(ili5EJ!gg 
RtfRSSfKESSft, EEiSRSftfctt**«liW 

e>< 7 — t n> a- 1> sgmsiRSss c mra ? ft * 

10 7E80lM±v^fi 0 

9 ] fflEKttJMS8i±ttEHMC*S&84> 
Ktf Lv»KE»R«r*Ai-*#K*^-Cv»*I»#» l 

[ii*^ i o ] ijE*g*m»RSS«±fuEm*m«?R 
it 9 Em <n mt> &± -> * x a o 

liMfcSl 1] REKEJBRStt lillirESe^JBR $ 
ft fc»*«-CEfc S ftfc k § KttrEK*J*R8#* <b * 
»£ft£&jg?££l&*U »L'v»BtR»R*#Ai-** 
20 S«r^^V'-&W*a7EIE0R^|&*v^.-fA 0 

[S!*S 1 2 ] EElIftE#RSf»ttttE8E# t fflR 

$ ft*:a»»»Tiifc s ftfc k § cttea«ijRit«8 

*?»iW8*ifcttli#«B(*L, 3rLv>iS3£S«|R* 

[1S*S 1 3 ] ttERttRRS#l*RE8ifcWHR $ 
ftfc«»*-C»fc KRERERRgtt*fcffi 

mstitz&mmtmiHL, »rU>Rs»R*i*Ai-*# 
so [R&n 14] s <b t=«EqpKfliR«iHs t znma. 

2tm<ffR#S -E-*T.lcioTfrE->^xAWta 

aE^r•«lP■^■*¥«^:R^■cv»4■l*a 1 e*o«*»^ 
tt-r* ltt±<om^-^'^r■i•^■c-v>-^,ls^IglE«w 

[flt«3l 16] ( a ) tt • iMBMfcicR-f * >«J£^ 
7--h;VSrIS:ft, :o/<7-twi, (i) SSS^R 
=£r^trH«imk, (ii) Km^R«r-^t>^®Mk, (ii 

|g-E»*-C±J*Sft***-f *>KJSBWk, Ov) mr 
E»Ml*J»=E«Sft<:*«ffl»»a"C*oT, *R>f 

£*ftPira*fteft&4^ireiM-c&ftSft. frE 
«t WT©S«±-?- ft t> w M U ij »t ^ ffisS^^±co /c tb 
, t|JE-bii'*»?»^«WC««?rtt-C****JBRIl« 

k, (v) fltrElt&SkllirEK&SfconKERSftfc 
so ^*>«JjfcHilt, (vi) l5EK^fllR7l f B5EKm^R 



(3) 
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i i ) itera*j!i!K4wett£«»ff&s* bm&mm 
m. + e 3tA $ *l * tutttjuji a □ t i m *. r a *> , 

(b) ttE*W»R£»*6«K/<9 

(c) fflEttS«flK*ll*»<bire'< > 7-- ; fcMCit&S 

(d) S*, ffl* 3 itfc»*«i3j:y f iH*S 

**r^j*i-» «t o utirE^— t*+-etinB»s «t out 

( e ) Uffffi/'? V - -t ftf ft $ it^Sfj§?£ £ Bfc* U 

( f ) Uffix V --fc^ t>fgft S 
U 

(g) WlEftS^^HEIlttC^^tr^ttL, 

(h) Mie^N-7--t;v^e > ttr!e^->^7 i Aum^4-« 

[ft 1 7 ] fifEMft $ ixfc&igiElilltrEKffilSS 
[SS*£18] ^EfH»$ii3tiS«^ffil±i6J£«»S a 

■CSS/cSiutii, ttEfBftSftfcflfcttttliffrESMEJ* 

»*Tai3t snfcts, «HE?B*siifcja*»«aiBeE 30 

[»*£ 2 2 ] t&EBk* $ fifcJSft $ *Lfc«US»tti± 

utretf l ^*t*msiK z> tz a tcm^w csta s 
tit *a 2 3 ] uriEBmjreBiPWft * titzm#m 

X-ffitz 2titztzt$. mUffi* £ fefcRttttliffERtt 
[ff*II2 5] fiie>'<7--fe;H±-20 , C75M + 120 *C 

26] $ c, icmrE&ms?s*i i irausw** 

6 E«©**ttl&#ife. 



2 9 ] mB4 * >3»UMI*tMEIMrc£* 
$*i^*^^**«5E»Sa*^UEIlK«:ao-CtirE 

[»9!<ofMB4K9!] 

[0 0 0 1 ] 

■t - 9 izj^m-t <2> * KfcJB $ *l4 S5Em STffi * ffi* v 

* $ ti * flEftw iSJB K M 1" * o 
[0 0 0 2] 

tbS**l?3cm<0 M tc |gtb £i"t£ £ i **"C § 4 ISH t tz li 
[0 0 0 3] a^ifii*ti-«tt-& - »'<»t'J ^CJ: 

^ -ffiSt^< f x 'J -f **!B5aiM6f^ * iti Jtnifi c> 4 v> 
[0 0 0 4] 

56\ ftvi|ia*«)/t9^>j -f ff^S->^xAt:«S*-f 



(4) 
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fcfia ft * Z t **-C S * v T 'J -f i tz it 
[0 0 0 5] *^0^<Ofl60"BJI6^?(lffi*i*(i> 10 

aiMtoteic 2 fci±«»«?t* ff «« s ft* - 1 

[0 0 0 6] 

ffitt£ft*o 

[0007] m& x v&mz&m-t-z -tu 

<o-c$>>k rfti-ei£iiS$ftTv*fcv* 0 #§£g/jii, 
-t trats^assosaRii* k>< 7 - * 

K*cfv>Tv** 0 m^Rti> tT"? tz*b\,z>& 

T**S <tfc»»»»cflm 3 J: IWMM&K 

^ii£ft*c tftfc*»»»«i:iH*$^»« 

ft*k, >><7-*;w±$rLv>m8?KT^S£^»1-*- 
tl:ioTt3is$tL*o ;ift(±2o(7)#a-C#lfir$ft* 

:t#ts4 0 (1) fg»««^s»srss^s«saL 

Wfc«1-* ; (2) /<7 — feJHi/<*^y *tW8B3EE 
iHB tc T5£m $ it* co £ n i:*tt-C»*« S ft* i 40 

tt £ ft* 2 TV* 7 - -t ;V *ii LTita $ it* o 
[0 0 0 8] *f£K<0#f&£ LT, S-fiSISffiv^f 

fSBTfcllttl-* J: ^:SffiH^:^ J t-^o m$v 

£>*o *«Ktf«!l«>*HBfci: IT, nSB«»SSS*fflx 
fc'<7--b;Wi, WS^t*:^:^TSg . 

$ itfcBHs £ b v 7s t ju i*jcoSS?K so 



i iz H JEmi - * £ i: K i: o T 2J£ £ft**I £rt ? T- 

§* G 1- * * * * s * * vm&mma >^ta 

[0 0 0 9] ?H*Stifc*iB[^y^-f-A^5>»fflSit, 

***ffl-emft**u^g^ft^>K, *aaii5j:wi(i* 

J:tf*K<t^h y ^Ali^cffli-C**}, ft *£P 

5 Lv^ BLTOA (3) l:S8ft 

ft**£-C**o CtLfe3ooft**Rtta4tf)ft*XJI 
*o #ft***C*fivv>>U^«»-ClE*S*LTV»4 0 L 

*x»^S«£TfT»-eui >) S I § £ ft * £ ^S6T* * o 
[0 0 10] *Lv»lW(W|S2 0V-^li, m^tt* 
^mV) y K^fcr-*fl#P^T<Z)@5e/<7-*;Wci3lt 
* «r L J: tTffii^oMSffi^SaW 4 S5E«T* 

^^&mtwWLTIS:tf^J:a f R^tc^v/^r^'(t;$ft* 
i k ^te-e* »5 , H3e/<7 — fe>H±S3E«^»LTR 
It i3 £ tf^JB U i3 T«Mfc $ ft 4 - t § * Z t T 

* o 

[0 0 11] *«9JO±EiJJ:tf^aoSUO#*i5J:O f 

n:h:J:ot$ <bU^<31»?ft*T*^ ; ? 0 
[0 0 12] 

<7)^v^7^A^ma&Ki^^$ftTv^* 0 miJ^XTi* 

im^m.^mv- ommmmm-c&m sn*i**-^ 

[0 0 13] *^^J:*mi;v^xAli#um$l^» 

s^v^:(Dii>^f^ %zt* mm-r z r 

tt«BO-«5* UT«ffl$ ft * - ^ L fc« 

*: o rs* s ft* ftmmomm \zs ^x&m $ ftx t i 

[0 0 14] Hi t#rai-*k, IJy^f^liKSlS 



(5) 
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lcgE«SixTv^o ^ftibo&Sf*l0fcJ:tfl2l;:§§$ 
*aLfcttkoSWi*i , Lfc*»** f tt 07b^ ioo"C#fi 

CUt, ft 87SM260pH**i*o»j3*tftta6**tt io 
JBSix&o HttK* MMW±:/n>*f-y F (&onst 
ed) BTC*»K *££«»Kli:/n>;*x? FlftST* 

1. y >K-*Bfls-*-F y * y *A4fciiy*-* 

A 20 

2. aa-^wttfy^A, *y *a a 

3. > * >-x;v*>K-*S^ b y *?i**tzi±i3 y S 

■>A*)i/v y >&» 

5. wk«»-*mbthy»>A 

6. by 7;v*n> * >*;v*>K-7K®tfb^ b y * 

a, y f-*A4fci±*y 

7. >r^t>s-S3^^vj>stPJn 

H 3 P04 + Na + +H2 O+e* — 
1/2 H 2 +N 

OH" +1/2H2 — H2 O+e 
ALTO*" (3) U^$ix^tt»*El£*iM*5i^**** 

H 3 P04 +N a O H — NaH 2 P 

[0 0 18] W±Wli::i5v>T*v>H + BK*£ftT 40 
BUSLT*t»Jd-r*CkK:J:oriS<«***t4. H 

*<bA*WC*4. 2o<0S@WO^ggii, f7 
&-J-7-f*> (Nafion) Sfc(±-A-3-^fflHauppau. so 



8. by 7Jl/:*n> * >^^*>S- X ^^75 > 

9. b y 7;v*u> * 7 >*-7 

y >fi*5 j: wttsta^-r* - 1 

b y ->AiJJ:if*Bft*y ^^SrfiW^il^^t 

[0 0 15] Ztihnim. »43J:tf«*KlS±flc»0 
P H & X Tftm&ftU \z^X fttXftf v * r A 
Ottft^*ti-4K-ttat«t*ftoTV»*o -ft*>OK 
•tt»H±«8J:|}±«)«»pHtr*L, IWfcttft* 
ft * ±&lff±ag£3 J: lf««=T \z v> T HHfeTpnT 

*4c3feLTv»& 0 «;Ltf, zfc*li50t:J: U^SlTi 

[ooi6] — mzm&±v s i&&mm%&%,%.*&f£-}' 

#1**4,738.904 -*9MH»*5* 1**4. 810, 596 

[0017] £Ttf>K ■ JS^^Rt&Ji, y >K-7kS 

lb-*- b y ^owct oTft*$ft*o m@K£it£m 
*Mt*Rffii±, (D fc-ttf (2) -c^stt. 



(1) 



a H 2 PCU + H2 O 



(2) 



04 +H 2 0 (3) 
ge^RAPJt-fttt^ottlft?^!/^^ (Ra 

4 19 H v ^ x ^ 2 ^BS3E«DTfiB"C * o fc - «r 
[0019] t ra«o^e- F-e«ffl ^ 

£ 0 y^fA0W»S'li2O^at^^^^>^ 



(6) 
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o«EJjlilW-f>fi»l*#>K (p s i) 

$ tiz> i k a*-c £ * itfttf* 6 4 v^o tm±-eii # > 7 

EE»*T* f »2ps i (l4*ny<**JV) Karfc^Cl 

13ps i (l90kPa) XMfcZtlX^Zo 

[0 0 2 0] ^7-v^7AOSft^ §t?10*OKm io 
Sffii^V^ieHJl^T^^ >18*aLTiftJE/<7--te 

^>yt«?,n*o nfijriraastt, m^gf&s*-* 

WCJSiSh, 7^>26. 30. 34i5J:lf39*®or-e 

i:a* $ tLtz&mmm±&B.ffiM±>i<fr 7 * >2o 20 

SrSoTf&^Sn^o S?E^^^lli5iIfl3J: *)±<DX 
[0 0 2 1 ] «45J:tr**^<Oioa^*(iH2 US 

^Ulfelt^tLTV^ 0 30 

[ 0 0 2 2 ] 770*3 J:tF72l4, g££ J: IfrffiSfffSt 
*«ifcl±£fcrafc*fcttJBS*L*o '^74214, v 

is J: tfa^'fv 26*3*^2014. _hfEO:£ (3) t:J:o 
T;£tf> <b tLfc j: 7 Kigffia^^rKffiS $ ft* i TSBRM 

<7>;jtfii7^-t*7>f 7^ >39*43fcK6ffi?-* 

>*;V80^ <£>7*-fe;*7^ >t LT«ffiU —-)j7<< > 
4014^14 IC^^tL^-fe^Ktt^jSJt^K^ffif-^V*^ 40 
81^0*3R7 ^ -t^ 7 >f > t L tttllt 4 o T*-fc*7 
-f >40(4. H 2 £ «fc If 3 8 ftfc-t /1/&fHci5V*T^ 
5"C**o H3^-fc^l£tt^**LT, >*^58i3.i: 
tf56^£>;§-7 >39i3J:tf7>f >40I4. ttT^t^J: 

[0 0 2 3] ia2u^8n/c-fe;ven-«4, 
tiX % #>722tf t 5>f >l8fraLTtt**#>7-C» so 
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*K *•> 716**7-1' >28«raLT»Sr*">yea-6* 
-g\ ?£Si5J:l«Sc«OM*^»LrH2 0KW-7S f «ffl§ 

£4tf4K^S*i£*^I2ftUi4fc<, ^m^g^S^ 

■r ^ ** »t xwm -> * -r a me *■ ^ £ r \z s^sm * ? fr 4 

[0 0 2 4] ^O-fc/^RtH-ttLT* 7** 
^tl^S^^^Eit^ »ft«tt84*5 X If 
«5iLJDyfe** U ->91l4&0*;u^»ffi82±*cftttU 
***I4 2f * B5RI81 ^ Xffim\z&$b 
H-e*4o Mi:^^ 2 ooJggB-t 

frfzlftfy <i >39. 34*3 * tf40K««r* fcfelcj&S? £ 
£*i* e L^Lfcrt*<b. £TO^>*;V80i3J:tf8l£ 

KfcaLT«iRSftfc£T^**;*f*?- 

;wii3v*T7lcSt^* >*;w**JI<o-7-7*-;v Ki:g 
tfrTaftfr * o#tti4JttToa!)^** : Wf^tH*** 

•CB^a^n^o ^*?^ri*fcoav»*3lf»a«4»lt<b 
9&**«ft*fci4, H3 45J:ifH4^Siifciaii-b>u 

tz tb i± L , MS 8 ttfeKSKa i4iiiD 

tU 3-3^>aiR***»-e** : 

a. ^<D^>^\±m^^f^tzW^fzib\zWL»hfi^ ; 

b. ^aott^jirfaas^^^^ttfflstt. tt*^>^ 
r-ft^?n^ ; 

c. §a^>^(4, **«K*»fe«»C9-f >34*raoT 
[0 0 2 5] gljco^^ (c) l±, *»MO»0«*»ft# 

orar^>y-c^3i$tL.. ^7— b;v^fi 11075^120 

r-So >?<a*MfflTgi*t4, ^^^SS^SS 

t # x * * ^ J: o T IBfettlko * ttffl S ii * i k 
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Sg$«:i^^c EfR*aoTl£iai-**eDffi 

i»4SHJ:«»:tt#Ltv^ 0 L/:^oT, ±fSco 
M^ffi (b) (c) ^>7fi»SS«*i:L, 

[0 0 2 6] H2 *#JH1-*fc, -b>H40Sfe»c»JB4 
<BE*H**4-iL?>itrv^ 0 -fe;i/i4«±Si 1 *<r)y<< >18*» 

fro *8£SS?Kri s 7-Y >28*fc*A*it*f-*>*fl'tt 
48T^?tLTV^ 0 7 >34"CS»a*tL ****** 

*fcaat-&**f-+>*;M±50T^sft-c^* o ** 

oT#SI3;h.TV>;& 0 -b^fla60ffeffil±54UEfi$tLr^ 

ii. 58&<£U f 60T^£*VTV^o ES£JR*** 'J ->59 
*5,fctf6lJ±. h 58*3^1^60^ fe^ffl«»*« 

ioo27] izmnmss x zmn.f&m&vSi't * >aa* 

(1) , (2) £J:lF (3) i:J:o-CS99$n-5o 

^^T-A^C,^SBiaBtiioT«»*--^24*C|»*$fL 
*»ft52t*ffi54fc^Wl^i3»t4«*^ft*"e*4o 

[0028] ^^>*n,48*oa9»sn^a***j(* 

S£l±l£*$*U ^62tc*oT^SiifcJ:7K*£g2§:g 
mSfgigtfcti. ^EP64tCj:^T^$tL?t<t -5 K*-*>* 30 

«« $ *i * o * > * ;v46 n *s v> $ n fc** 

l±Srt:7>f >26*ra***«SR7-f >34^<7>&WWtz#> 
[ 0 0 2 9] ^f&^coJRp gco^gfc £ LT. -te>M4l«Mi 

**Ji*^O^ttJZttttLT*S»104lJ:l/a[«S«l2 

045#n>gK^KW»R*>RS#l±* 'hS vvoicj* 
LT*®Hfc^ h y * A Jt045#n >gg<o 

&£<il*n ^7 qmsv y h ■ ESfH (wh/k 
g) -C*<K ft 200-7 >f ^^)*ffEJi«:*LTv»ftltn 

[oo3o] mmz^x. wt&xifib&&m±Biiz 
7*2ixtzXT%*ixb<n&&&xm&mmm%®&izn so 
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«8H-&dfc£J:oTNaH2 P04 ^C091%c0Sfcm^) 

fck#, &&XT/l£&&Ui±*tib0>&mit2tit:&1BL 

itni^^^^v^ KSSioKHLT. ^n^oiiSSio 
* &ffift 8 itfc»*«*»ffli-* fc* ^K«t h tix^ 

g«ini:-c**o «»snfcao6»«ii^</vy72*aL 

Jf ■ &&mffi%<Dm&-£\±, ^&i£#rf*ft 200 K/n:iS 
?&v*jusafc&icy >»*J:i/*»-ftt- h 'J ^ a xi> 

[0031] L^immm^z^x, muz turn 

a u * t mo m $ n * ^ t a*-c § * x m^mm 

[0032] fr^ifei:<bn^j:-5^, 7t<D&mxm3cw, 

^:»#> ^ig^sti^^ >^;^56^i3v^r ^ >^ iot5^^ # 
7-t;w:A^ >*;W4-e? y?\o\zwz>o W\U 

\z y i&mm>m%i±5*x?>?i2frb j t)i'iz\t), -t/m 

□73*- ^ > ^ 12tCK* o «fl.«?ftSffi52i fc l±82£ i 

tr84o*jBi»a«±a»tfeii*o ^^ftt>«9 1 lx, mm 
63& x vmtmiz ra^ $ titz&ffin y ^ 

|^7-K^7-y^f (isbrth Vancouver , Brit 
ish Cblunbia, Qnada) 3^&K9ES *t"CV»*. 
Ji, *#U/JxS V»»*ttO?L627^»^ *>H«*u*ia 
&{Z&7<ZtL2>ZtX$>2>c Z<DXo\ZLXmmx£.J& 

9ttt:#atirxi±* ma7j>26&xtf343S>vizfrmm 

««7tb««*it52 * £<S k *r t 6 it * ^ 

v^ 0 **L4<*BHHM|I 4 l 86S,925«9m«IC«virBH 
(7 k Pa) 0»T«±, 800mA/ cm 2 OlS^L 



(8) 



^¥6 -3 1 8 4 7 0 



13 

»URWSftfc95wh/k gOx*m»ttt4«i: 
[0 0 3 3] ?f*«l±ft««>><yf-y -f IcJtLTI^t-C 

rarteti-b^+o*a**Rc$it4 0 nasi 

CiotS (1) 45 J: (2) <DR.foZMlZlr2>Zt\Z io 
J: ■) 4 tfiSgSJSKSgiOfc J: if 12 4 

■5 usayu — h 6845 j: im&xnzntiiamx * y - > 
6945 j: x/i2 z a u r %m,%kW.<o n & 4 vie nm* k * n 
-pn-ttL-pnsasa^o #>yi6*3 4rf22i±i!URi: 

a 45 x tr»Bt u & * 4 mat**ttKT * • 

[0 0 3 4] ±m<D£nlZ, m4<Dmtl±&\ l Z J t)l'<Ds* 

906oft uit, E«Lfc*«84i±R«Lfc#***y 

- >8945 4 CfSai/cBfil: 4 oT*frfr£ *LTv»*zk* 20 
f^>^;U80WLT^ttiltv^o *£SAD784*4tf 
UD92I4MR86, KAP7645 J: tf ffln94fc Wfc'fcEtt L 

tv>i e fcmfr>*wi&zu r &w.x? y ->9ii±* 

4LBSS o** f - * > * ;V8045 4 If 

* y ->89*>R«Lfc.3.-* h*C*^»o dO«fc;WiSfc 

[0 0 3 5] U^B^Bftth^A^fAt-fl 

-*tS«&$n^K^LTW^H^:ffljS5?J41 
aH 2 P 04 454tfl*;vOH 2 0CWLT3^OH 
3 P04 -C*o^o 2JSB'f *>£»IBK* Wilffi 
*">tt (Wlrrington.Efelawire ) >f * >906 $tz 

i4RAIf± (Hiuppauge , N;w York) COR1010/CRP 

-7^««?iifco ifc»8lft«w21Mlii, 
fiS434lf, 4fcli*«U£S«*SixfcHH*>a» 
IBBtC RP-7*OMR 7 -f 

[0036] ^fLe>^)Hi:s*s4iyi:»ittaa«4^ 

[0 0 3 7] H2 04:/l/0»ffii3 4tfl8 3«>-b;W8*>|* 
S43 4 If »S^»*0 4 n \z g 2 L 

ffife«UffijiL^#*CA<»<bs v LTw^^ttU4oTRi 
R^iE«»*S*ir^* 0 L^Lfti^fe, #UE)2 454 
tf 3 K * $ *i tz 9 4 -f <r> * >v * * Wc&it? * 50 
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